Introduction: Atypical small acinar proliferation (ASAP) and high grade prostatic intraepithelial neoplasia (HGPIN) are considered precancerous. We aimed to measure the rate of repeat biopsy and adenocarcinoma in patients with ASAP and HGPIN and identify any clinico-pathologic parameters at diagnosis of ASAP/HGPIN that are predictive of adenocarcinoma. Materials and Methods: Patients with a diagnosis of ASAP/HGPIN with no previous or concomitant cancer were identified. Prostate specific antigen (PSA) and magnetic resonance imaging (MRI) changes were monitored. Re-biopsy was at clinician discretion. Results: Nineteen were diagnosed with ASAP and 17 with HGPIN. Seven with ASAP (37%) and 6 with HGPIN (35%) underwent re-biopsy. Three (16%) with ASAP and 5 with HGPIN (29%) were diagnosed with adenocarcinoma. The difference in cancer detection rates between ASAP and HGPIN was not significant (p = 0.35). Five (14%) in total required definitive therapy for adenocarcinoma. Twenty-three (64%) did not undergo repeat biopsy. Parameters at diagnosis of HGPIN and ASAP, including PSA, prostate volVinaya Srirangam Royal Free Hospital
Introduction
High grade prostatic intraepithelial neoplasia (HG-PIN) and atypical small acinar proliferation (ASAP) are widely considered precancerous lesions in the prostate. Pathologically, prostatic intraepithelial neoplasia involves a continuum of intra-luminal proliferation of atypical secretory cells lining pre-existing ducts and acini in the prostate [1] . ASAP, first defined by Montironi et al. [2] , is "a focus of small acinar structures formed by atypical epithelial cells", having some of the features of cancer but not all [3] . Hence, it is a diagnosis of exclusion in cases where suspicious features are present but inadequate to fulfil the diagnostic criteria for cancer [4] .
The natural history of both these pathological entities is contentious with conflicting outcomes in contemporary literature. While ASAP is regarded as a high-risk ume and PSA density, were compared between the cancer and non-cancer cohorts with none found to be predictive of adenocarcinoma. Conclusion: By monitoring PSA and MRI changes, we managed to spare re-biopsy in two-thirds of patients. Further evaluation is necessary to characterize a surveillance protocol in these populations.
precursor of cancer, the evidence is less conclusive with respect to HGPIN. Nonetheless, even in the case of the higher-risk ASAP, the clinical significance of cancer detected in this patient group is debatable. Given the morbidity associated with prostate biopsy [5] [6] [7] [8] , the repeat biopsy protocol instituted for patients with HGPIN and ASAP is of great significance to both clinicians and patients alike. In this study, we aim to evaluate the natural history of patients with ASAP and HGPIN with a midterm follow-up in order to identify the rate of re-biopsy based on prostate specific antigen (PSA) progression and/or magnetic resonance imaging (MRI) changes and identify predictors of prostate adenocarcinoma. We aim to identify a surveillance protocol that can be refined to prevent unnecessary re-biopsy in these patient populations.
Materials and Methods
A prospective histopathological database with all patients undergoing prostate biopsies has been maintained between 1/1/2011 and 31/12/2012 at the Lister hospital, Stevenage, United Kingdom. Prospectively maintained electronic case notes of all patients were retrospectively reviewed for incomplete data.
All patients underwent transrectal ultrasound-guided prostate biopsy. Indication for prostate biopsy included high age-specific PSA or abnormal digital rectal examination (DRE) findings. Patients whose biopsies showed concomitant prostate cancer or were known to have previous prostate adenocarcinoma were excluded from this study. All patients were followed-up until December 2015. Repeat biopsy was performed at the clinician's discretion based on PSA progression, suspicious changes on MRI with target areas identified for biopsy and patient choice.
Data collected included demographic data, presence of ASAP and HGPIN on initial biopsy, clinico-pathological parameters at diagnosis such as PSA, free or total PSA, abnormalities on DRE 
Statistical Analysis
Mean values were compared with two-sample t-tests. Proportion values were compared using the two-tailed z-test (p < 0.05 was considered significant).
Results
Fifty patients were diagnosed with HGPIN and ASAP during the study period. Fourteen patients had previous/ concomitant cancer (2 had previous cancers, 12 had cancer on first biopsy) and hence were excluded from the study. Nineteen patients were diagnosed with ASAP and 17 with HGPIN ( fig. 1) . None of the patients had both diagnosed concomitantly at initial biopsy. The minimum follow-up period was 3 years. The overall median follow-up was 3.8 years (range 3.0-4.9 years).
Primary Outcomes: ASAP
The clinico-pathologic characteristics are summarised in table 1. The mean age was 65.8 years (range 44-80 years). The median PSA at initial biopsy was 8 ng/ml (range 1.1-35 ng/ml). The median free/total PSA ratio was 15 (5-24). Eight (42%) patients had abnormal DRE findings.
Repeat Biopsy Seven (37%) patients underwent repeat biopsy. The median interval to repeat biopsy was 364 days (range 167-1,183 days). The median PSA at repeat biopsy was 7.8 ng/ml and the median difference in PSA between re-biopsy and initial biopsy was 1.5 ng/ml. The indications for repeat biopsy were:
• Two (11%) patients had PSA progression and target areas identified on MRI for biopsy;
• Two (11%) patients had only PSA progression with no target areas identified on repeat MRI;
• One (5%) patient had target areas identified on MRI for biopsy with no PSA progression;
• One (5%) patient had persistent low free-to-total PSA (3-5%) (no MRI performed prior to biopsy);
• One (5%) patient had severe anxiety and requested repeat biopsy (no MRI performed prior to biopsy).
Diagnosis of Adenocarcinoma Three (16%) patients had confirmed prostate adenocarcinoma on repeat biopsy with a Gleason grade of 3 + 3, 3 + 4 and 4 + 4. These were treated with active surveillance, radical radiotherapy and LHRH therapy respectively (table 2). The patient with cancer of Gleason grade 3 + 3 had no suspicious areas identified on MRI, the patient with cancer of grade 3 + 4 had target areas identified on MRI and the patient with cancer of grade 4 + 4 did not undergo MRI prior to biopsy. Of the remaining 4 patients with repeat biopsy, 2 re-confirmed ASAP (1 underwent MRI with target area suspicious for cancer identified for biopsy, the other did not undergo MRI) and 2 were negative for both ASAP and cancer (both had MRI prior to re-biopsy, with 1 identifying target areas suspicious for cancer and the other identifying no target areas). They continue to be closely monitored.
In total, of the 5 patients who had MRI performed prior to re-biopsy, 3 identified target areas suggestive for cancer with only 1 patient actually diagnosed with cancer on biopsy (of the other two, one was diagnosed with ASAP and the other had a negative result). Fate of Patients Not Undergoing Re-Biopsy Twelve (63%) patients did not meet the criteria for repeat biopsy. Nine (47%) continued to be monitored, 2 (11%) died from other primary cancers (gastrointestinal and lung) and 1 (5%) was lost to follow-up.
Primary Outcomes: HGPIN
The clinico-pathologic characteristics are summarised in table 1. The mean age was 70.9 years (58-84 years). The median PSA at initial biopsy was 6 ng/ml (2-15.3 ng/ml). The median free/total PSA ratio was 15 (5-18). Five (29%) patients had abnormal DRE findings.
Repeat Biopsy Six (35%) patients underwent repeat biopsy. The median interval to repeat biopsy was 524 days (range 247-1,302 days). The median PSA at repeat biopsy was 11.065 ng/ml and the median difference in PSA between re-biopsy and initial biopsy was 3.505 ng/ ml.
The indication for repeat biopsy was:
• Five (29%) patients had PSA progression and suspicious MRI changes with target areas identified for biopsy;
• One (6%) patients had only PSA progression Diagnosis of Adenocarcinoma Five (29%) patients had confirmed prostate adenocarcinoma on repeat biopsy with a Gleason grading of 3 + 3 (n = 2), 3 + 4 (n = 2) and 4 + 3 (n = 1) (table 2). Of these, 4 had target areas identified on MRI and 1 did not undergo MRI prior to biopsy. Of the 5 patients who underwent MRI, 4 subsequently were diagnosed with cancer with one having a negative Table 2 . Clinico-pathologic characteristics of patients with micro-acinar adenocarcinoma following a diagnosis of ASAP (n = 3) or HGPIN (n = 5). The below table illustrates the cases of the patients with ASAP first, followed by those with HGPIN. DRE changes are designated as + for positive and -for negative. biopsy. The patient with Gleason 4 + 3 carcinoma was treated with neoadjuvant androgen deprivation therapy and radical radiotherapy. Both patients with Gleason 3 + 4 carcinoma underwent radical prostatectomy. The 2 patients with Gleason 3 + 3 carcinoma remained on active surveillance, as did the patient with the negative repeat biopsy.
Fate of Patients Not Undergoing
Re-biopsy Eleven (65%) patients did not undergo re-biopsy. Eight (47%) continue to be monitored, 2 (12%) patients were lost to follow-up and 1 (6%) patient died of primary lung cancer.
Secondary Outcomes
The clinico-pathological parameters at diagnosis of ASAP or HGPIN are presented in table 3. None were significantly different between the cancer and non-cancer cohorts and thus, no parameter was identified as a predictor of adenocarcinoma.
Discussion
In this study, 36 patients who underwent first time prostate biopsy were diagnosed with either HGPIN or ASAP. The repeat prostate biopsy rate was 36% (13/36), of which 22% (8/36) of the patients were diagnosed with adenocarcinoma during follow-up with 14% (5/36) requiring radical treatment. A higher proportion of the HGPIN cohort had adenocarcinoma on repeat biopsy compared to the ASAP group (29 vs. 16%, p = 0.35). However, this difference was not statistically significant. Twenty-three (64%) patients did not require re-biopsy. None of these patients have been adversely affected by prostate adenocarcinoma so far, suggesting that our surveillance protocol could be instituted in wider populations given replicated results.
There has been some speculation in the literature regarding whether factors at diagnosis of ASAP/HGPIN such as PSA [9, 10] , prostate volume [11, 12] , PSA density [10, 13] and number of positive cores [14] can be predictive of adenocarcinoma on repeat biopsy. However, our data is not suggestive of any such relationship between these parameters and subsequent development of adenocarcinoma.
The reported rates of prostate adenocarcinoma on repeat biopsy in contemporary literature are significantly variable, ranging between 30 and 55% [9-15] for ASAP and 4.5 and 45% [1] for HGPIN. Differing indications for re-biopsy, biopsy techniques including core sampling techniques and dissimilar study populations between studies can be ascribed to this observation [16] [17] [18] [19] [20] . It is vital that the objective of re-biopsy is to identify carcinoma with clinically significant consequences rather than all carcinomas. The relevance of an initial diagnosis of ASAP or HGPIN with respect to future significant prostate cancer is unclear and the evidence remains conflicting. Dorin et al. [17] reported that a third of patients with ASAP diagnosed with prostate cancer on repeat biopsy within 1 year underwent radical prostatectomy and a quarter underwent radiotherapy, suggesting that early repeat biopsy does identify clinically significant disease. In contrast, Warlick at al. [18] reported only 17.3% patients to have Gleason 7 or higher disease at a median follow-up of more than 4 years after an initial diagnosis of ASAP. Leone et al. [15] reported that 17% have intermediate risk cancer and 8% have high grade cancer on repeat biopsy and recommended active surveillance with monitoring of PSA and DRE changes for patients with ASAP. In our series, only 2 patients (11%) with ASAP on initial biopsy had prostate cancer of intermediate or higher grade at repeat biopsy with both undergoing radical therapy.
There is considerable debate as to whether HGPIN is a truly precancerous lesion with potential to progress to cancer. The evidence here is also conflicting with variable advice on the timing of repeat prostate biopsy. Epstein et al. [25] in a review article concluded that patients with HGPIN were at no increased risk of prostate cancer compared to those with benign disease and recommended that repeat biopsy is not required within the first year of the diagnosis of HGPIN. In contrast, Merrimen et al. [1] suggested repeat biopsy at 1 year for patients with multifocal disease and active surveillance thereafter.
The current European Association of Urology guidelines contentiously recommend prostate re-biopsy in all patients with ASAP and extensive HGPIN at initial biopsy [26] . Given the significant morbidity associated with prostate biopsy [5] [6] [7] [8] , alternate strategies must be considered. There must be clarity on the precise description of extensive HGPIN. Factors such as age, co-morbid status and life expectancy must be taken into consideration before re-biopsy. In this series we have managed to avoid unnecessary repeat prostate biopsies in 64% of patients.
Notably, there has been a significant uptake of adjuncts such as the multi-parametric MRI in diagnosing significant prostate cancer. Mendhiratta et al. [27] reported in a recent series of 54 patients with an initial diagnosis of HGPIN and ASAP that MRI-ultrasound fusion targeted biopsies identified a significantly larger number of pros-Srirangam/Rai/Abroaf/Agarwal/Tadtayev/ Foley/Lane/Adshead/Vasdev tate cancers of Gleason grades 7 or worse, compared to standard systematic prostate biopsies (similar results have been shown by Cool et al. [28] ). They concluded that adequate detection of clinically significant cancers with fewer biopsy cores may be achieved in men with a prostate imaging reporting and data system (PI-RADS) score of 4 or higher. Furthermore, they suggested that, in men with previous HGPIN or ASAP, if the MRI scan shows lesions with a PI-RADS score < 4, a repeat biopsy may be unnecessary. Similarly, a retrospective review by Liddell et al. [29] also suggested that lesions of PI-RADS 3 were unlikely to be associated with clinically significant cancer. Raskolnikov et al. [30] reported on MRI-ultrasound fusion targeted re-biopsy in a series of 20 patients at a median of 11.6 months. Five patients were diagnosed with Gleason Grade 3 low-volume prostate cancer. They concluded that, when MRI/trans-rectal ultrasound fusion guided biopsy detected isolated ASAP on index biopsy, early re-biopsy was unlikely to detect clinically significant prostate cancer.
The above studies may provoke questions as to whether HGPIN or ASAP are true precursors to prostate adenocarcinoma. It is possible that both these entities belong to a cluster of abnormal histological abnormalities with no malignant potential at all. The fact that no cancer arose from the ASAP index lesions in the MRI studies would support this hypothesis. Also, prostate biopsies are known to miss a proportion of existing prostate cancer and studies that indeed show an increased incidence of prostate adenocarcinoma on re-biopsy may be identifying cancers that have co-existed with ASAP or HGPIN rather than having developed from them.
Our study is limited by low numbers and hence our results must be viewed with caution. Although one of the strengths of this study is a prospectively maintained histopathological database and an electronic clinical database, some of the required data was extracted retrospectively, thus introducing a degree of bias. Furthermore, our follow-up did not adopt a standardised protocol and was based on the clinician's discretion. This does introduce a degree of heterogeneity to the follow-up regime. However, this is also a reflection of real life practice in this challenging area. Future research endeavors must concentrate on robust evaluation to establish the longterm natural history of HGPIN and ASAP over a wider population. This is likely to require multicentre, multidisciplinary collaborative research strategies. More work is required in streamlining exactly which patients are at risk of adenocarcinoma, if any at all, and thus keeping re-biopsy rates to a minimum. The role of MRI appears to be promising with respect to the preliminary data and hence requires further evaluation.
Conclusion
We aimed to monitor PSA and MRI changes in patients with a diagnosis of HGPIN or ASAP with a view to determining the rate of re-biopsy and adenocarcinoma, given the fact that there is some debate regarding the appropriate follow-up and repeat biopsy regimen for this patient population. Given the risks associated with biopsy, both clinicians and patients are keen to reduce the burden of unnecessary biopsy where possible. Only a third of our patients underwent re-biopsy when a surveillance approach was undertaken, as opposed to all with ASAP and widespread HGPIN as recommended by EAU guidelines, suggesting the need for further study to better evaluate a surveillance protocol. 
